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Summary
One of the most fundamental tenets in the field of ol-
faction is that each olfactory receptor neuron (ORN)
expresses a single odorant receptor. However, the
one receptor-one neuron principle is difficult to estab-
lish rigorously. Here we construct a receptor-to-neu-
ron map for an entire olfactory organ in Drosophila
and find that two receptor genes are coexpressed in
one class of ORN. Both receptors are functional in an
in vivo expression system, they are only 16% iden-
tical in amino acid sequence, and the genes that en-
code them are unlinked. Most importantly, their coex-
pression has been conserved for >45 million years.
Expression of multiple odor receptors in a cell pro-
vides an additional degree of freedom for odor coding.
Introduction
A central tenet in the field of olfaction is that an indivi-
dual ORN expresses a single odorant receptor. This
principle is attractive in its simplicity and serves as a
foundation for models of olfactory coding and develop-
ment. However, the one receptor-one neuron rule has
never been conclusively demonstrated (Mombaerts,
2004) and is difficult to establish rigorously, in part be-
cause of the large number of receptor genes and neu-
rons in many olfactory systems: it is difficult to deter-
mine with confidence that some ORNs do not express
more than one receptor. Given its status as a funda-
mental underlying assumption of the field, it seems
critical to determine the extent to which the one recep-
tor-one neuron rule describes olfactory system organ-
ization. Exceptions to the rule could have important
significance for the logic of odor coding.
The olfactory system of the fruit fly Drosophila is
numerically simpler than that of mammals (Hallem and
Carlson, 2004). The fly has two pairs of olfactory or-
gans: the antennae and the maxillary palps. The sur-
face of each organ is covered with sensilla, w60 in the*Correspondence: john.carlson@yale.edu
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4 These authors contributed equally to this work.case of the maxillary palp (Stocker, 1994). Physiological
analysis of responses to odors (de Bruyne et al., 1999)
has revealed that the 60 maxillary palp sensilla fall into
three functional types: pb1 (palp basiconic 1), pb2, and
pb3 (Figure 1A). Each sensillum type contains two
ORNs that are combined according to a pairing rule: a
pb1 sensillum contains two neurons called pb1A and
pb1B; pb2 contains pb2A and pb2B; pb3 contains
pb3A and pb3B. Each of these six functional classes of
ORNs exhibits a distinct odorant sensitivity. The ORNs
send axons into the antennal lobe of the brain, where
they terminate in spheroidal modules called glomeruli
(Stocker, 1994). The simplicity of the maxillary palp
makes it amenable to a complete molecular and cellular
analysis of receptor gene expression.
We describe here the construction of a receptor-to-
neuron map for all classes of ORNs in the maxillary
palp, which has not previously been accomplished for
any other insect or vertebrate olfactory organ. We find
that one class of ORN coexpresses two Or genes. Both
of these genes are found to encode functional odorant
receptors. The genes are unlinked and are only 16%
identical in amino acid sequence. They are expressed
in only one of the ORN classes, where their coexpres-
sion has been conserved for >45 million years. The re-
sults demonstrate an exception to the one receptor-
one neuron rule and suggest the possibility that other,
comparable examples of coexpression may emerge
when similarly extensive mapping studies are carried
out in other olfactory systems. Coexpression of recep-
tors provides another dimension for expansion of the
coding capacity of ORNs in the peripheral olfactory
system.
Results and Discussion
Through a series of RT-PCR experiments and in situ
hybridizations, we found that seven Odorant receptor
(Or) genes, Or33c, Or42a, Or46a, Or59c, Or71a, Or85d,
and Or85e, are each expressed in subsets of maxillary
palp ORNs; most of these genes have been shown pre-
viously to be expressed in the maxillary palp (Vosshall
et al., 2000). The expression of seven Or genes in six
distinguishable ORN classes suggested to us that at
least one ORN class expresses more than one Or gene.
To investigate this possible violation of the one re-
ceptor-one neuron rule and to construct an integrated
molecular and cellular map of an entire olfactory organ,
we first constructed a series of Or promoter-GAL4
lines, each designed to drive expression of the yeast
transcriptional activator GAL4 under the control of an
Or promoter. A reporter UAS-GFP gene (Lee and Luo,
1999) was introduced into each line such that cell bod-
ies, dendrites, and axons were labeled in cells express-
ing a particular Or gene (Figure 1B). GAL4 constructs
of five Or genes, Or33c, Or42a, Or46a, Or71a, and
Or85e, were found to drive GFP expression faithfully, as
judged in double-label experiments using an anti-GFP
antibody and an in situ hybridization probe directed
against each endogenous Or mRNA (data not shown).
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of Sensillum on the Maxillary Palp
In order to map Or genes to sensillum types, we in-
serted a recording electrode through the shaft of a
GFP-labeled sensillum (Figure 1B) and measured the
Fincrease in action potential frequencies of their ORNs
(following stimulation with odorants. In wild-type con-
ttrols, the three sensillum types can be easily distin-
tguished by measuring responses to a panel of diagnos- b
tic odorants (de Bruyne et al., 1999) (Figure 2A). In the o
Or-GAL4; UAS-GFP animals, the identities of the la- i
cbeled sensilla can be identified by comparing the re-
(sponses of their ORNs (Figure 2B) to those of wild-type.
sWe found that for each Or-GAL4 driver, all labeled
osensilla were of one particular type. All labeled sensilla t
in Or42a-GAL4; UAS-GFP were of the pb1 type, as were b
all of those in Or71a-GAL4; UAS-GFP. Interestingly, the
Or33c, Or46a, and Or85e drivers all labeled pb2. Thus,
three Or genes map to a sensillum containing two dis-
(tinguishable ORNs, suggesting that one of the two




nEach Or Gene Maps to One Class of ORN; Two Or
eGenes Map to the Same ORN Class
OTo increase the resolution of the mapping to individual
tORNs, we used the Or-GAL4 drivers to express a cell
udeath gene, reaper (rpr). Since there is a stereotyped
rpairing of ORNs in sensilla, the identity of the ORN that
pexpresses rpr could be deduced from the identity of its
surviving neighbor. We found that each surviving ORN eFigure 1. Maxillary Palp
(A) The three sensillum types and six ORN classes of the maxillary
palp. (B) Head of Or33c-GAL4; UAS-GFP fly, showing GFP fluores-
cence of the maxillary palp (left). Confocal micrograph (middle) of
a UAS-GFP; Or85e-GAL4 maxillary palp, showing the use of an Or
promoter to drive expression of mCD8-GFP (Lee and Luo, 1999), a
membrane-bound GFP, in dendrites and cell bodies of a subset of
ORNs. The indicated box contains a linear outer dendrite (oriented
vertically), attached to an inner dendrite (round in appearance), and
a larger, round cell body. Single-unit electrophysiology (right), in
which a recording electrode is placed through the shaft of a GFP-
labeled sensillum. The activities of the two ORNs in the sensillum
are recorded extracellularly following odorant stimulation. The
activities of the two ORNs can be distinguished by differences in
the amplitudes and shapes of their action potentials.igure 2. Mapping of Odorant Receptors to ORNs
A) Odorant response profiles of the three types of sensilla in wild-
ype. For each sensillum type, the white bar represents the A cell,
he cell that produces action potentials of greater amplitude; the
lack bar represents the B cell, which produces action potentials
f lower amplitude. The responses are measured as the increase
n action potential frequency following odorant stimulation. (B) Re-
ordings from GFP-labeled sensilla in OrX-GAL4; UAS-GFP flies.
C) Recordings from OrX-GAL4; UAS-rpr flies. The activities repre-
ent the responses of the single surviving ORN following ablation
f its neighbor. In each genotype, only one of the three sensillum
ypes was found to have undergone the ablation of a cell. Error
ars show SEM.Figure 2C) could be correlated with one of the ORN
lasses (Figure 2A). For example, the surviving ORN in
r42a-GAL4; UAS-rpr had an odorant response spec-
rum that matched that of pb1B, from which we de-
uced that Or42a-GAL4 drives synthesis of Rpr in the
eighboring pb1A ORN. Likewise, the Or71a driver is
xpressed in pb1B (pb1A survives ablation), and the
r46a driver is expressed in pb2B (pb2A survives abla-
ion). The most striking finding, however, was that the
se of either Or33c or Or85e drivers produced identical
esults: in both cases, the surviving ORN was of the
b2B class, indicating that both Or33c and Or85e are
xpressed in pb2A.
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Confirms the Map
To confirm these mapping results, we carried out a
series of double-label fluorescence in situ hybridization
experiments. We predicted that probes for two Or
genes that had been mapped to two different neurons
paired within the same sensillum type would label
paired cell bodies. By contrast, probes for Or genes
mapping to unpaired ORNs were predicted to label un-
paired cell bodies. As predicted, Or85e and Or42a,
which had mapped to neurons of two different sensil-
lum types (pb2A and pb1A), labeled unpaired cell bod-
ies (Figure 3A), whereas Or85e and Or46a, which map-
ped to neurons that cohabit the pb2 sensillum (pb2A
and pb2B), labeled paired cell bodies (Figure 3B). If
Or85e and Or33c are in fact coexpressed in the same
ORN, as indicated by the results of the UAS-reaper ex-
periment, and if an Or85e-Or46a double-label experi-
ment produces labeled pairs of cells, then an Or33c-
Or46a double-label experiment should also produce
labeled pairs of cells. This result was in fact observed
(Figure 3C). As a direct test of coexpression, Or85e and
Or33c were then used in a double-label experiment and
were found to colabel the same subset of cells, demon-
strating coexpression of two Or genes in the same cells
(Figure 3D).
We carried out double-labeling experiments with 19Figure 3. Double-Label Fluorescence In Situ
Hybridization Experiments Confirm Or Gene
Mapping and Coexpression
(A) Or85e and Or42a map to ORNs that re-
side in different sensillum types. (B) Or85e
and Or46a map to ORNs that are paired
within the same sensillum type. (C) Or46a
and Or33c map to paired ORNs. (D) Or33c
and Or85e colabel the same ORNs. (E) The
coexpression of Or85e and Or33c is con-
served in D. pseudoobscura. ORNs express-
ing Or33c (F) and Or85e (G) project their ax-
ons to the same glomerulus, VC1, in the
antennal lobe. The OrX-GAL4; UAS-GFP
ORNs are labeled with an anti-GFP antibody
(green); the glomeruli are stained with mono-
clonal antibody nc82 (red). (H) Receptor-to-
neuron map of the maxillary palp.of the 21 possible pairwise combinations of the seven
genes. The results were all consistent with the results
of the UAS-GFP and UAS-reaper functional mapping.
In addition, these experiments demonstrated that Or59c
and Or85d are expressed in different neurons in the pb3
sensillum, since Or59c and Or85d label a pair of ORNs
when tested together, and neither gene showed paired
labeling with any other tested gene (data not shown).
Faithful Or59c-GAL4 and Or85d-GAL4 drivers were not
available to map Or59c and Or85d to specific pb3
ORNs. We therefore used the abnormal chemosensory
jump 6 (acj6) mutant (Clyne et al., 1999; McKenna et
al., 1989), in which pb3A ORNs are never observed, but
pb3B ORNs are unaffected. We found that expression
of Or59c was not observed in acj6, but that Or85d ex-
pression was unaffected (data not shown). The simplest
interpretation of these results is that Or59c is ex-
pressed in pb3A and Or85d is expressed in pb3B.
The Coexpression of Or33c and Or85e Has Been
Conserved for >45 Million Years
The coexpression of Or33c and Or85e in the pb2A neu-
ron is not a fortuitous by-product of a common chromo-
somal location, since the two genes map to different
chromosomes. Moreover, Or33c and Or85e are not pro-
ducts of a recent duplication event; in fact, they are
only 16% identical in amino acid sequence. To investi-
Neuron
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asked whether it is conserved in evolution. We carried
out double-label in situ hybridizations in D. pseudoob-
scura, which diverged from D. melanogaster w46 mil-
lion years ago (Bergman et al., 2002), and found coex-
pression (Figure 3E). Drosophila simulans, which diverged
from D. melanogaster w5 million years ago (Tamura et
al., 2004), also showed coexpression (data not shown).
Indistinguishable Axonal Projections
of Or33c- and Or85-Expressing Cells
We next examined the axonal projections of these
ORNs into the CNS. It has been shown that ORNs ex-
pressing the same odorant receptor converge upon the
same glomeruli in the olfactory bulb of mammals
(Mombaerts et al., 1996; Ressler et al., 1994; Vassar et
al., 1994) and in the antennal lobe of Drosophila (Gao
et al., 2000; Vosshall et al., 2000). We used, in separate
experiments, the Or85e-GAL4 transgene or the Or33c-
GAL4 transgene to drive expression of GFP. The pat-
terns of GFP fluorescence in the antennal lobe ap-
peared identical: in both cases, a single glomerulus,
VC1, was labeled (Figures 3F and 3G). These results
further support the conclusion that Or85e and Or33c
F
are coexpressed in the same ORN class. c
Thus, several lines of molecular, physiological, and (
anatomical evidence all support the receptor-to-neuron s
map of the maxillary palp shown in Figure 3H, in which s




(Or33c and Or85e Both Encode
cFunctional Odor Receptors
Do both Or85e and Or33c encode functional odorant
receptors? We used an in vivo expression system with t
cwhich we previously characterized the functions of an-
tennal odorant receptors from D. melanogaster (Do-
abritsa et al., 2003; Hallem et al., 2004b) and from the
mosquito Anopheles gambiae (Hallem et al., 2004a). o
cSpecifically, we used a mutant in which a particular an-
tennal ORN, ab3A, loses its odorant response owing to d
ta deletion that removes two odorant receptor genes,
Or22a and Or22b. When Or85e is expressed in this neu- t
Oron using the Or22a promoter and the GAL4-UAS sys-
tem, it confers a strong response to fenchone, as well c
tas some other odorants (Figures 4A and 4B). Or33c
confers a response to E2-hexenal and weaker re- B
csponses to several other odorants (Figures 4A and 4B).
The simplest interpretation of these results is that both O
oOr85e and Or33c encode functional odorant receptors.
It is difficult to determine the respective contributions t
bof each receptor to the signaling capability of the pb2A
cell: the responses of the Or85e receptor are greater c
lthan those of Or33c to almost all of 150 odorants
tested, and we have not identified an odorant that elic- d
iits a much stronger response (i.e., a difference of >80
spikes/s) from Or33c than from Or85e. We coexpressed N
bOr33c and Or85e in the mutant ab3A ORN and found
that the resulting odor-response properties were sim- o
iilar, although not identical, to those of Or85e alone
when tested with a limited number of odor stimuli (data t
anot shown). It is possible that Or33c responds stronglyigure 4. Both Or85e and Or33c Encode Functional Odorant Re-
eptors
A) Representative traces showing the electrophysiological re-
ponses of ORNs. ab3A is the recipient ORN, which in the ab-
ence of a transgene shows no response to fenchone (top trace).
he middle and bottom traces show responses from ab3A neurons
hat ectopically express either Or85e or Or33c, upon 0.5 s stimula-
ion (bar) with the odorants fenchone and E2-hexenal, respectively.
B) Odorant response spectra of the ab3A ORNs from ab3A flies
left), flies ectopically expressing Or85e (middle), and flies ectopi-
ally expressing Or33c (right). Error bars show SEM.o a particular unidentified odorant of biological signifi-
ance, such as a pheromone.
The coexpression of Or33c and Or85e is distinct from
previous case (Dobritsa et al., 2003) of coexpression
f two antennal Or genes, Or22a and Or22b, in two criti-
al respects. First, Or22a and Or22b appear to be pro-
ucts of a recent duplication event and in fact show
he greatest sequence identity of any two members of
he Or gene family, with one exception. Or22a and
r22b are located within 650 bp of each other, and their
oexpression could be a fortuitous result of their mu-
ual proximity to a single block of regulatory sequence.
y contrast, Or33c and Or85e are located on different
hromosomes and are only distantly related. Second,
r22b conferred no appreciable response to any of 87
dorants tested (Dobritsa et al., 2003), in contradistinc-
ion to the easily measurable responses conferred by
oth Or33c and Or85e (Figure 4B). Another special
ase is that of the Or83b gene, which is expressed in a
arge fraction of Drosophila ORNs but is categorically
istinct from other members of the Or family with which
t is expressed (Elmore et al., 2003; Larsson et al., 2004;
g et al., 2002; Vosshall et al., 2000). Or83b is remarka-
ly well conserved across insect species, unlike any
ther Or gene, and recent data have shown that Or83b
s required for dendritic localization of other Or pro-
eins, consistent with a role as a chaperone (Larsson et
l., 2004). Or83b does not confer an independent odor-
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665ant response: when the Or gene with which it is ex-
pressed in one ORN class was deleted, the ORN then
showed no appreciable response to any of 55 odorants
tested (Elmore et al., 2003). By contrast, Or33c and
Or85e each confers an independent odor response,
and neither is widely expressed: their expression is lim-
ited to a single ORN class, pb2A. There is a precedent
for receptor coexpression in Caenorhabditis elegans,
where the number of odorant receptor genes vastly ex-
ceeds the limited number of ORNs (Robertson, 1998;
Troemel et al., 1995). One study provided evidence for
coexpression of two particular mammalian odorant re-
ceptor genes (Rawson et al., 2000), but it was not deter-
mined whether both are functional. The number of
mammalian ORNs that coexpress two odor receptors
is unknown (Mombaerts, 2004), but recent evidence in-
dicates that it is limited by a feedback mechanism:
studies in mammals have led to a model in which the
expression of one odor receptor inhibits the expression
of others (Serizawa et al., 2003; Lewcock and Reed,
2004). It is possible that such a negative-feedback
mechanism evolved after the divergence of vertebrates
and invertebrates.
Implications of Receptor Coexpression
for Odor Coding
Our results suggest the possibility that coexpression of
functional receptor genes may be found more com-
monly when comprehensive analysis of entire olfactory
organs is performed. We recently mapped odor recep-
tors to neurons of the Drosophila antenna by individu-
ally expressing antennal Or genes in the mutant ab3A
neuron and matching the odor response profile con-
ferred by each receptor to the profiles of wild-type an-
tennal ORNs (Hallem et al., 2004b). The profiles of many
ORN classes could be accounted for by a single recep-
tor. However, for some ORN classes no single corre-
sponding receptor was identified, and for some recep-
tors no matching ORN class was identified. One possible
interpretation of these results is that some antennal
ORN classes derive their spectra from two coex-
pressed receptors. We note also that even in cases in
which a match between a single receptor and an anten-
nal ORN was observed, we cannot exclude the possible
expression of a second receptor that responds strongly
only to an odor of particular biological significance,
such as an unidentified pheromone.
The ability to coexpress receptors adds a degree of
freedom to the capability of ORNs to encode olfactory
information. The expression of multiple receptors could
broaden the tuning curve of an ORN, or, in principle,
could even allow the ORN to perform simple logical op-
erations, such as an “and” function that signals the co-
incidence of two distinct odorants. For example, the
simultaneous detection of a pheromone and a food
odorant might activate the target glomerulus of the
ORN differently than when either stimulus is detected
alone, perhaps producing behavioral consequences.
We have shown earlier that an ORN is capable of integ-
rating signals produced by two receptors in an artificial
situation created by the ectopic expression of one re-
ceptor in an ORN expressing another receptor (Do-
britsa et al., 2003; Hallem et al., 2004b). In this study, wehave demonstrated that coexpression of two functional
receptor genes in fact occurs naturally, providing the
opportunity for olfactory signal integration and pro-
cessing within ORNs in nature.
Experimental Procedures
Drosophila Stocks
All transgenic constructs were injected into w1118 flies. Canton-S
(CS-5) (McKenna et al., 1989) flies were used for in situ hybridiza-
tions and as the control for acj6 in electrophysiological recordings.
D. simulans and D. pseudoobscura were from the Drosophila Spe-
cies Resource Center (Tucson, AZ). ab3A and all other stocks
were described previously (Dobritsa et al., 2003; Hallem et al.,
2004b).
Construction of Transgenes
GAL4 constructs were designed using primers to amplify se-
quences immediately upstream of five Or genes expressed in the
maxillary palps. Lengths of the PCR products were as follows:
Or33c, 8.3 kb; Or42a, 4.1 kb; Or46a, 1.9 kb; Or71a, 2.3 kb; and
Or85e, 3.1 kb. PCR products were cloned into pG4PN as described
for Or22a and Or22b (Dobritsa et al., 2003). The GAL4 construct for
Or71a differs from the other four; a 1.4 kb fragment of regulatory
DNA immediately downstream of Or71a was included downstream
of the GAL4 transgene. Templates for PCRs for Or42a and Or46a
were genomic DNA from Canton-S flies. BAC clones were used
for other templates: Or33c, DSO7071; Or71a, BACR03G06; Or85e,
BACR01F13. Multiple independent lines were generated with each
construct, and we chose the line with the strongest and most faith-
ful expression for subsequent experiments. We confirmed proper
expression by double-labeling with an anti-GFP antibody and an in
situ probe for the corresponding Or gene. In these lines, the anti-
GFP antibody labeled the great majority of cells that were labeled
by in situ hybridization with Or sequences, and few if any cells that
were not labeled with Or sequences. The UAS-Or33c construct
was as previously described (Dobritsa et al., 2003). For the UAS-
Or85e construct, the genomic region extending from immediately
5# to the translation initiation codon to immediately 3# of the stop
codon was PCR amplified from w1118 genomic DNA. The fidelity of
the coding region was verified by sequencing. Expand High-Fidelity
polymerase (Roche) was used for all PCRs.
In Situ Hybridization/Immunolabeling
Methods for fluorescence in situ hybridizations were adapted from
previous work (Clyne et al., 1999) as follows: whole proboscises
with maxillary palps attached were dissected from flies just above
the labrum and collected in 4% paraformaldehyde in PBS with
0.05% Tween-20 on ice. Fixation was continued at room temper-
ature for 30 min. Samples were washed 5 × 5 min in PBST (1 x
PBS, 0.1% Tween-20) at room temperature and incubated in hy-
bridization buffer (HB) (50% formamide, 5 x SSC, 0.1 mg/ml yeast
tRNA, 0.05 mg/ml heparin, 0.1% Tween-20) for 1 hr at 55° for prehy-
bridization. Templates for the in situ probes were PCR amplified
from Canton-S genomic DNA and subcloned into pGEM-T Easy
(Promega). Digoxigenin-labeled RNA probes and fluorescein-
labeled RNA probes were prepared according to the manufactur-
er’s instructions (Roche). Hybridization and subsequent washes
were performed as previously described (Clyne et al., 1999). The
tissue was then incubated with anti-fluorescein-AP (Roche) and
anti-Dig-POD (Roche) for 2 hr, followed by 5 × 5 min washes in
PBST, all at room temperature. Alexa-488 Tyramides (Perkin Elmer)
were used according to the manufacturer’s directions for visualiza-
tion of the digoxigenin probes. After additional 5 × 5 min washes
in PBST, Fast Red (Roche) was used to visualize the fluorescein-
labeled probes. Two successive Fast Red incubations were per-
formed for 30 min, each followed by additional washing in PBST.
The tissue was then mounted in Vectashield (Vector Laboratories,
Inc) and visualized using a Bio-Rad 1024 laser scanning confocal
microscope. In situ hybridizations to D. pseudoobscura were per-
formed using probes deriving from genomic DNA of D. pseudoob-
scura. Adult brains were dissected and immunostained using rabbit
anti-GFP (Molecular Probes) and mouse nc82 (a gift from R.
Neuron
666Stocker) as previously described (Dobritsa et al., 2003). Some of H
Mthe 19 double-label experiments, in which Or genes were examined
pairwise, were performed in an OrX-GAL4; UAS-GFP line with one H
in situ hybridization probe and an anti-GFP antibody. b
L
Electrophysiology H
Odor stimuli were presented and action potentials of the ORNs in o
a sensillum were recorded as described previously (Dobritsa et al., 7
2003), by placing an electrode through the sensillum wall into con-
L
tact with the lymph that bathes the dendrites. Responses were
m
quantified from a count of the number of impulses during the 0.5 s
N
stimulus period. Nonstimulated impulse rate was subtracted from
Lthe response rates. Odor stimuli were presented from Pasteur pi-
upettes holding solutions of chemicals >99% pure (Sigma-Aldrich-
SFluka) in paraffin oil. Chemicals liquid at RT were diluted to 1%
Mv/v, while solids were dissolved at 10 mg/ml paraffin oil.
JSome variation among strains of D. melanogaster was observed.
iCS-5 lacks a strong response to fenchone on the pb2A neuron, and
Sthe pb1B neuron in w1118 does not respond to phenolic com-
pounds. Both phenotypes may be due to mutations in Or85e and M
Or71a, respectively. A control strain of w1118 balanced over TM3 s
was used to supply wild-type copies of both genes. In both w1118 i
and CS-5 strains, approximately two sensilla per maxillary palp M
appear to be pb1 sensilla with a B neuron that shows low re- s
sponses to 3-octanol, isoamyl acetate, and benzaldehyde, but no t
response to 4-methylphenol. In both strains, a very low fraction of
Nsensilla (w2%) is present on each palp with a neuron responding
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